We measure the H IIÈregion oxygen and nitrogen abundances for 14 star-forming emission-line galaxies (ELGs) at intermediate redshifts (0.11 \ z \ 0.5) using optical spectra obtained with the Keck II telescope and low-resolution imaging multiobject spectrograph. The target galaxies exhibit a range of metallicities from slightly metal poor, as in the LMC [12 ] log (O/H)^8.4], to supersolar [12 ] log (O/ H)^9.05] where the solar value is 12 ] log (O/H)^8.89. Oxygen abundances of the sample correlate strongly with rest-frame blue luminosities. The metallicity-luminosity relation based on these 14 objects is formally indistinguishable from the one obeyed by galaxies in the local universe, although there is marginal evidence (1.1 p) that the sample is slightly more metal-deÐcient than local galaxies of the same luminosity. The observed galaxies exhibit smaller emission line widths than local galaxies of similar metallicity, but proper corrections for inclination angle and other systematic e †ects are unknown. For eight of the 14 objects we measure nitrogen-to-oxygen (N/O) ratios. Seven of the eight systems show evidence for secondary nitrogen production, with log (N/O) [ [1.4, similar to local spiral galaxies. These chemical properties are inconsistent with unevolved objects undergoing a Ðrst burst of star formation. Comparison with local galaxies showing similar chemical properties suggests that these intermediate-z objects contain substantial old stellar populations that were responsible for the bulk of the heavy elements presently seen in the ionized gas. Four of the 14 galaxies exhibit small half-light radii and narrow emission-line proÐles (compact narrow emission-line galaxies [CNELGs] ; Koo et al. 1995) consistent with small dynamical masses despite their large optical luminosities and high levels of chemical enrichment. We Ðnd that the four CNELGs are indistinguishable from the 10 other emission-line galaxies (ELGs) in the sample on the basis of their metallicity and luminosity alone. Because of their morphological similarity to H II and spheroidal galaxies, CNELGs have been proposed as the starburst progenitors of todayÏs spheroidal galaxies. Our assessment of the stellar chemical abundances in nearby spheroidal galaxies reveals that the majority of the CNELGs are presently D4 mag brighter and D0.5 dex more metal rich than the bulk of the stars in well-known metal-poor dwarf spheroidal galaxies such as NGC 205 and NGC 185. Two of the four CNELGs exhibit oxygen abundances higher than the planetary nebula oxygen abundances in NGC 205, making an evolution between these two CNELGs and metal-poor dwarf spheroidal galaxies highly improbable. However, the data are consistent with the hypothesis that more luminous and metal-rich spheroidal galaxies like NGC 3605 may become the evolutionary endpoints of some CNELGs after 1È3 mag of fading. We suggest that the z \ 0.1È0.4 ELGs, and perhaps some of the CNELGs, are the precursors to todayÏs spiral galaxies during an episode of vigorous bulge star formation D5 Gyr ago.
The evolution of galaxies is driven largely by the evolution of their constituent stars. Stars consume gas, provide luminous and mechanical energy, and produce nearly all the elements heavier than helium in the universe. The chemical properties of stars and gas within a galaxy are like a fossil record chronicling its history of star formation and its present evolutionary status. Emission lines from H II regions have long been the primary means of chemical diagnosis in local galaxies (Aller 1942 ; Searle 1971 ; reviews by Peimbert 1975 ; Pagel 1986 ; Shields 1990) , but this method has not yet been exploited for galaxies at cosmological distances. Even the largest H II regions at modest redshifts require several-hour integration times on 10 m class telescopes. Nevertheless, tracking the chemical history of the universe through H II region abundances is a powerful, relatively unexplored technique to probe the chemical content and ionization conditions of the interstellar medium in the vicinity of vigorous star formation activity. Complications due to ionization uncertainties, line width uncertainties, 1 Hubble Fellow. saturated lines, multiple velocity components, and limited lines of sight that plague absorption experiments are less severe or absent. Since the star formation rate appears to have been higher in the past (Madau et al. 1996 ; Lilly et al. 1996) bright H II regions should be plentiful at higher redshifts.
In this paper we present emission-line measurements of the chemical properties of star-forming galaxies at z \ 0.1È 0.5. Four of the 14 observed galaxies because of their small sizes and small velocity widths have been termed compact narrow emission-line galaxies (CNELGs) by Koo et al. (1994) and Guzman et al. (1996) . Because CNELGs and spheroidal galaxies have similar half-light radii and velocity widths, Koo et al. (1994) propose the intriguing hypothesis that CNELGs may evolve into the latter when the starbursts fade.2 Here we attempt to test this evolutionary hypothesis and constrain the descendants of the objects 2 We adopt the terminology proposed by Kormendy & Bender (1994) and Mateo (1994) that di †use elliptic-like systems with central surface brightness º22 mag arcsec~1 and be called dwarf spheroidal M B º [16 galaxies. These objects are also termed dwarf elliptical galaxies in the literature, where a consistent nomenclature has yet to emerge.
using the chemical properties of the star-forming gas combined with the simple principle that the metallicity of a galaxy increases monotonically with age.
This program is also a preliminary attempt to use the chemical properties of star-forming objects to trace the metal-enrichment history of the universe. Observations of Lya and metal absorption lines at increasingly greater redshifts demonstrate that the universe as a whole was once more gas rich and metal poor than the typical galaxy observed today (Lanzetta, Wolf, & Turnshek 1995 ; Lu et al. 1997 ). Individual galaxies, too, must have been more metal poor in the distant past. Observational programs, like this one, involving a much larger sample of emission-line objects at greater redshifts will make it possible to sketch a chemical enrichment history for the universe that is directly comparable to the results gleaned from absorption-line studies.
OBSERVATIONAL PROGRAM

T arget Selection and Observations
We selected target sources from the list of emission-line objects observed by Koo et al. (1995 Koo et al. ( , 1997 and Guzman et al. (1996) with redshifts from z \ 0.10 to z \ 0.40. They present spectroscopic data showing that the targets exhibit emission-line ratios consistent with normal star-forming galaxies rather than active galactic nuclei (AGNs) or Seyfert galaxies. Our selected sources lie within the Ðelds SA 68, Lynx2 and the cluster Cl 0024]16 (z \ 0.4). We included four CNELGs and six other emission-line galaxies (ELGs) with larger sizes and line widths. The CNELGs have ID numbers 1È4 in Table 1 and are characterized by half-light radii less than 2 kpc and emission-line widths ¹55 km s~1. Target names, positions, redshifts, look-back times,3 magnitudes, emission-line velocity widths, and original references appear in Table 1 , along with an identifying numeral. The 10 primary targets lie in four di †erent Ðelds, which we observed with the low-resolution imaging spectrometer (LRIS ; Oke et al. 1995) on Keck II during 1997 November 30 and December 1. Each Ðeld required a di †erent slitmask containing between Ðve and 10 wide slits of length 1A .5 º20A. Slits were aligned parallel to the y-axis of the 2048 ] 2048 CCD detector. The position angle of each mask was chosen to maximize the number of available targets in the 8@ LRIS Ðeld while simultaneously retaining the full spectral coverage on the detector and maintaining a slit orientation within 20¡ of the parallactic angle to minimize light losses caused by di †erential atmospheric refraction (Filippenko 1982) .
3 A cosmology with " \ 0, and is assumed through-H 0 \ 50, q 0 \ 0.1 out. Munn et al. 1997 . Koo et al. 1995 and Guzman et al. 1996 use an abbreviated four digit nomenclature for the same objects.
b Assumes and km s~1 Mpc~1. q 0 \ 0.1 H 0 \ 50 c Half-light radius. d Redshifts determined from the data presented here and have an rms accuracy of *z \^0.002. e Computed from J \ 21.6 (D. C. Koo 1998, private communication) assuming and km s~1 Mpc~1 and a k-correction of [0.2 mag q 0 \ 0.1 H 0 \ 50 typical for a Scd galaxy at z \ 0.5 (Fukugita, Shimasaku, & Ichikawa 1995) .
f Computed from J \ 22.7 (D. C. Koo 1998, private communication) assuming same cosmology as above and a k-correction of [0.2 mag typical for a Scd galaxy at z \ 0.42 (Fukugita et al. 1995) .
g Computed from J \ 21.9 (Munn et al. 1997) assuming same cosmology and a k-correction of [0.2 mag typical for a Scd galaxy at z \ 0.43 (Fukugita et al. 1995) .
h Computed from J \ 21.1 (Munn et al. 1997) assuming same cosmology and a k-correction of [0.1 mag typical for a Scd galaxy at z \ 0.23 (Fukugita et al. 1995 , (c) Keck LRIS spectra of emission-line galaxies and several Ðeld objects at z \ 0.1 to z \ 0.5. The spectra are not corrected for reddening or redshift. Where the dynamic range is large, the spectrum is scaled by an arbitrary factor and plotted a second time for display purposes. Labels on prominent emission lines appear in the Ðrst panel.
Regions of the slitmask not devoted to primary targets were used to obtain spectra of 17 additional conÐrmed galaxies in the Cl 0024]16, Lynx2, and SA 68 Ðelds. These secondary targets were selected primarily by their fortuitous location on unused portions of the detector. If two or more objects occupied a convenient position, we chose to observe the one with the bluest colors based on wideband photometry (SA 68, Lynx2 [Munn et al. 1997 ] ; Cl 0024]16 FIG.1c [D. C. Koo 1998, private communication] We include them in the analysis that follows as a small comparison sample of "" typical ÏÏ star-forming galaxies. We refer to them as the "" other Ðeld galaxies ÏÏ hereafter, although we have not shown that they are characteristic of Ðeld spiral galaxies or star-forming objects.
We obtained between three and eight 20 minute exposures of each Ðeld through intermittent cirrus clouds. Seeing averaged Air masses varied between 1.0 and 1.4. A 1AÈ1A .5. low-resolution 300 line mm~1 grating and 20482 CCD with pixel~1 in the spatial direction and 2.4 pixel~1 in the 0A .21 A dispersion direction allowed us to cover a large wavelength range in excess of 4000 at a typical resolution of 9 A A FWHM. A di †erent grating tilt is used for each Ðeld to cover the wavelength range from the redshifted [O II] j3727 to [O III] j5007. When the spectral range permitted, redshifted Ha was also observed. For typical targets at a redshift of z \ 0.4, the observed wavelength range runs from 5200 to 9200 Objects in each Ðeld lie at di †erent redshifts, A . so the wavelength coverage varied according to the Ðeld observed and the position of each object within a given Ðeld.
Calibration
Images were bias subtracted and Ñat-Ðelded in the usual manner using illuminated dome-Ñat frames. We combined three or more similar images to reject cosmic rays and improve signal-to-noise ratio (S/N) using an averaging algorithm that Ðrst weighted each exposure by signal-tonoise ratio in the continuum part of the spectrum. For Cl 0024 Ðelds, we rejected several low signal-to-noise exposures strongly a †ected by clouds. Helium-argon arc lamps provided the wavelength calibration reference for all masks except those in the Cl 0024 Ðeld where night sky lines were used due to the lack of suitable arc exposures. Wavelength calibration and slit-rectiÐcation was performed by the EXPECTOR software (D. Kelson 1998, private communication). The wavelength calibration is accurate to D2 in the red part of the spectrum and D5 near [O II] A A j3727 due to a lack of strong reference lines in the blue end of the arc calibration spectrum. We corrected for illumination variations along each slit and variations from slit-toslit using exposures of the twilight sky. To account for wavelength-dependent atmospheric refraction, we Ðtted a moderate order polynomial to make a spatial trace of the galaxyÏs stellar continuum in each exposure and we constructed apertures for the extraction of one-dimensional spectra. One-dimensional spectra of each object were extracted with an aperture of 10 to 12 pixels The (2A .1È2A .3). resulting one-dimensional spectra, not corrected for reddening, are shown in Figures 1a,1 b, and 1c. Where the dynamic range in a spectrum is large, the spectrum is plotted a second time ampliÐed by an arbitrary scale factor for display purposes. Redward of 8300 the spectra A become increasingly a †ected by noise due to imperfectly subtracted night sky emission lines exacerbated by fringing on the CCD detector.
Multiple observations of the spectrophotometric standard stars G193-74 and SA 95-42 (Oke 1990 ) through several di †erent slits were used to construct a mean Ñux calibration for all of the masks and slits. The derived sensitivity solution has a pixel-to-pixel rms of 4% but has residual slopes of up to 15% from the red to the blue end of the spectrum. We believe most of the uncertainty on the slope of the sensitivity calibration is caused by light losses on either side of the slit due to di †erential atmospheric refraction during standard star exposures. The impact of this e †ect is small and is discussed below along with uncertainty estimates.
SPECTRAL ANALYSIS
L ine Ratios and Reddening
The Ñux in each emission line is measured using a single Gaussian Ðt, taking the width, height, and position of the Gaussian as free parameters. For lines with low signal-to-noise ratios, the width and position of the Gaussian is constrained using the redshift and line width computed from other nearby stronger emission lines. In cases where a line is not visible at the expected place in the spectrum, the 3 p upper limit is calculated from the pixel-to-pixel rms at that location and the square root of the number of pixels across a typical line, i.e., 3 ] rms ] J9.
Observed Balmer line ratios allow us to deredden each emission line relative to Hb using the nebular emission-line analysis software described in Kobulnicky & Skillman (1996) based on the standard nebular analysis techniques (e.g., Osterbrock 1989) . All observed Ðelds lie at high Galactic latitude, and reddening due to dust within the Milky Way produces extinctions of mag corresponding A V \ 0.11 to the logarithmic reddening parameter c(Hb) \ 0.05 (Burstein & Heiles 1984 ; Schlegel, Finkbiner, & Davis 1998) . Thus, we assume that all of the extinction occurs within the target galaxy and we deredden the spectra in the rest frame of the source using the Galactic extinction law (Seaton 1979 as parameterized by Howarth 1983 . Use of an LMC and SMC extinction curve would not signiÐcantly alter the results since they do not di †er appreciably from the Galactic one for the optical wavelengths of interest here.
Logarithmic extinction parameters, c(Hb), underlying stellar hydrogen absorption, EW(abs), and the electron temperatures were derived iteratively and self-consistently for each object. The theoretical Balmer line ratios (Hummer & Storey 1987) are not strongly dependent on the electron temperature of the nebula, so an initial guess of 10,000 K produced reddening estimates not far from the Ðnal best-Ðt values. For spectra where Ha,Hb, and Hd are all measured, we solved for the combination of c(Hb) and EW(abs) that best matched the theoretical Balmer line ratios. One object, L2-408115, shows signiÐcant evidence for Balmer absorption, whereas SDG 231 and SDG 146 have marginal indications of stellar absorption. When only Hb and Hd are measured, EW(abs) is Ðxed at 2 which is representative of A , local irregular, H II, and spiral galaxies (McCall, Rybski, & Shields 1985 ; Izotov, Thuan, & Lipovetsky 1994) . Three objects that have only one measured Balmer line are assigned EW(abs)^2 and c(Hb) \ 0.0^0.15. Tables 2È3 A contain dereddened line Ñuxes relative to Hb for each observed target using
where I is the true dereddened Ñux at a given wavelength, F is the observed Ñux at each wavelength, c(Hb) is the logarithmic reddening parameter that describes the amount of reddening relative to Hb, and f (j) is the wavelengthdependent reddening function that is listed for each line.
Measurement Uncertainties
Owing to intermittent cirrus clouds, uncertainties on the zero point of the Ñux calibration may be as large as a factor of 2 based on the D1 mag variation among standard star exposures. Absolute quantities such as the Hb Ñux and the derived star formation rates will carry this uncertainty while measurements requiring only the ratios of emission lines are much more robust, as discussed below. We observed standard stars in relatively good sky conditions so that the Hb Ñux and the derived star formation rates should represent a lower limit on their true values.
Uncertainties on the emission-line ratios are dominated by three factors : (1) the quality of the sky subtraction, espe- cially in spectral regions a †ected by strong night sky OH emission lines ;
(2) the quality of the Ñux calibration ; and (3) the accuracy of the reddening determination. Most of the objects lie at redshifts where the common nebular emission lines lie in close proximity to strong night sky lines. For this reason, we adopt an empirical method of error estimation for each emission line using the rms in the adjacent continuum portion of the spectrum. The 1 p uncertainties are computed from the offline rms and are added in quadrature to uncertainties on the Ñux calibration and reddening correction as described below. The formal pixel-to-pixel rms in the sensitivity curve is 0.04. However, sensitivity solutions using di †erent standard stars exhibited relative slopes of up 15% from the red to blue end of the spectrum. For purposes of obtaining accurate emission-line ratios needed here, it is possible to compensate for a linear uncertainty in the slope of the Ñux calibration by application of a reddening correction determined from Balmer line ratios. The derived value of the reddening parameter, c(Hb), will be systematically incorrect, but its application to the data will compensate, to Ðrst order, for a linear error in the sensitivity solution. With this in mind, we solved for the best-Ðt value of c(Hb) and recorded it in Tables 2È3 for each object. The typical uncertainty on c(Hb) is 0.05 where Ha and Hb are well measured. This error is added in quadrature with the 4% uncertainty on the Ñux calibration and the empirically determined uncertainties due to photon, sky, and detector noise to produce the Ðnal 1 p uncertainties in Tables 2È3. For objects without an Ha detection, the reddening correction becomes more uncertain since the higher order Balmer lines are weaker and are a †ected by underlying stellar absorption. In these cases we use the best-Ðt values deter-mined from Hb and Hc. We assign an uncertainty of dc(Hb) \ 0.10 that is propagated into the Ðnal tabulated uncertainties. An error of dc(Hb) \ 0.10 is equivalent to a 15% uncertainty in the slope of the Ñux calibration over the optical wavelength range when considering the total error budget. In the three cases where Hb is the only Balmer line detected, the reddening is essentially unconstrained, and we assign dc(Hb) \ 0.15. Removal of these three objects from the sample would not alter the conclusions of the subsequent sections. Pagel et al. (1992) and Skillman & Kennicutt (1993) ,
For the majority of objects, only upper limits on III]) can be measured. In most cases, the upper limits T e ([O do not place strong constraints on the electron temperature. .2 and 4.3. There are several reasons why the electron temperatures derived for these objects may be regarded as upper limits, and the resulting oxygen abundances taken as lower limits to the actual values. Emission lines with low S/N, such as the [O III] j4363 lines measured here, tend to be systematically overestimated by the Gaussian Ðtting technique in the presence of signiÐcant noise. Furthermore, the presence of temperature variations within the measured objects will bias the spectrum toward the highest temperature, highest emissivity regions. This e †ect has long been known to produce overestimates of the electron temperatures within individual H II regions (Peimbert 1967) . This same e †ect appears to bias the integrated spectra of nearby starforming irregular and blue compact galaxies toward larger electron temperatures compared to spatially resolved spectra of individual H II regions and di †use gas (Kobulnicky, Kennicutt, & Pizagno 1999) . Because these two systematic e †ects bias the computed oxygen abundance toward lower values, we regard the O/H estimates from the direct method as Ðrm lower limits.
Empirical Oxygen Abundances
Oxygen abundances may also be determined from the ratio of [ Pagel et al. 1979 ; Edmunds & Pagel 1984 ; McCall et al. 1985 ; Dopita & Evans 1986] . We adopt the analytical approximation for the metal-rich branch of Zaritsky, Kennicutt, & Huchra (1994, hereafter ZKH) that is itself a polynomial Ðt to the average of three earlier calibrations for metal-rich H II regions. Figure 2 shows each of these previous calibrations of R 23 along with the empirical Ðt of ZKH. Figure 2 also displays the locations of the 14 emission-line objects along the R 23 relation. Symbols distinguish the four designated O/H CNELGs from the six other ELGs. Filled triangles denote the four Ðeld galaxies with measurable emission lines. Figure 2 reveals that the target galaxies exhibit a wide range of oxygen abundances from 12 ] log (O/H) \ 9.05 (1.45 the solar value) to 12 ] log (O/H) \ 8.25 (0.23 the solar value). The indicator is especially uncertain in the turnaround R 23 region near 12 ] log (O/H) \ 8.3. Fortunately, only L2-10083 falls into this turnaround region, and it has a direct abundance estimate that provides a Ðrm lower limit to its oxygen abundance. Table 4 lists the oxygen abundances computed from the ZKH empirical relation for each object. The quoted errors are uncertainties due to measurement errors only and do not take into account systematic e †ects in the calibration. Edmunds & Pagel (1984, EP) , McCall et al. (1985, MRS) , and Dopita & Evans (1986, DE) . The dashed line is the empirical polynomial approximation to the aforementioned three studies by Zaritsky et al. (1994) . The dotted line shows the low-metallicity branch of the calibration Ðtted by Skillman (1989) . Symbols indicate the posi-R 23 tions of CNELGs ( Ðlled circles), other ELGs (open circles), and four Ðeld galaxies with emission lines ( Ðlled triangles). Dotted lines connect oxygen abundance measurements derived from the strong-line method with a lower limit based on direct measurements of the electron temperatures in three objects. O/H derived from direct measurements should be regarded as Ðrm lower limits due to systematic e †ects discussed in the text. Numbers correspond to galaxy ID numbers in Table 1 for easy identiÐcation.
In the subsequent analysis, we add an additional error term of 0.2 dex in quadrature with the uncertainties due to observational e †ects to obtain a realistic estimate of the total uncertainty on the oxygen abundance. The solid lines in Figure 2 representing previous calibrations provide an R 23 indication of the magnitude of systematic e †ects. In nearly all cases, the observational uncertainties (D0.1 dex) are smaller than the potential systematic uncertainties (D0.15È 0.2 dex). We also provide in Table 4 an "" indicative electron temperature,ÏÏ which is the temperature that would T evind , yield the same O/H ratio determined from the empirical calibration. We adopt uncertainties on that produce T evind O/H uncertainties that match the uncertainties due to the measurement errors in the empirical calibration.
It is instructive to compare the results obtained from the direct abundance determination with the strong-line approach. In Figure 2 , dotted lines connect the oxygen abundances derived using the two di †erent methods. The strong-line method yields an oxygen abundance that is systematically higher by 0.2È0.3 dex for the three objects where comparison is possible. As discussed above, the direct O/H determinations should be regarded as lower limits given the biases in the measured electron temperature. However, these three direct abundance measurements serve an important role because they constrain the oxygen abundances to lie on the upper, metal-rich branch of the cali-R 23 -O/H bration. Three additional objects (SA 68-206134, SDG 125, and SDG 183) have upper limits that constrain the T e oxygen abundance to lie on the metal-rich branch as well. Given that these six well-constrained objects all lie on the metal-rich branch of calibration, it is probable that the R 23 remaining eight objects also lie on the metal-rich branch. If there exist no biases that would cause us preferentially to measure electron temperatures in objects on the metal-rich branch of the calibration,4 then, by the binomial R 23 theorem, the observation that six out of 14 objects are on the metal-rich branch allows us to reject the possibility that the sample contains one or more objects on the metal-poor branch at the 43% conÐdence level. The probability that two of the remaining objects are actually on the lowmetallicity branch is 30% or less. There is only a 0.03% probability that all of the remaining eight objects could actually be low-metallicity objects for which use of the metal-rich calibration would be inappropriate. Thus, R 23 we adopt the ZKH metallicity calibration for all of the R 23 targets studied here.
Nitrogen Abundances
Seven of the sources exhibit measurable [N II] j6584 lines. Since longer lived intermediate mass (4È8 stars M _ ) produce much of the N in galaxies (Renzini & Voli 1981 ), measurement of the N/O ratio provides information about the existence and nucleosynthetic contribution of stars in this mass range. We use [N II] j6584 in conjunction with [O II] j3727 and to make an estimate of the N/O ratio T evind assuming
Equation (3) appears justiÐed in low-metallicity environments where photoionization models indicate that this approximation is good to within 20%. However, in environments near solar metallicity, this approximation may underestimate the true N/O ratios depending on the nature of the ionizing spectrum (Garnett 1990 ). Since the excitation energies of the two collisionally excited lines are not vastly dissimilar, the resulting N/O ratio is not strongly dependent on the adopted electron temperature. 3] , which makes them chemically most similar to local spiral galaxies. sistent with nitrogen from secondary5 nucleosynthesis processes that apparently produce much of the nitrogen in local spiral galaxies (e.g., Vila-Costas & Edmunds 1993, and references therein).
On the Suitability of Integrated Galaxy Spectra for
Chemical Analysis The physical properties of ionized gas in galaxies vary considerably on both small and large scales. Spiral galaxies, especially those lacking visible bars, exhibit considerable radial chemical gradients, sometimes spanning more than a dex in O/H from nucleus to outer disk (e.g., Zaritsky et al. 1994 ; Martin & Roy 1994) . The spectral shape of the ionizing radiation Ðeld varies with location in star-forming galaxies, producing both concentrations of high-ionization gas in H II regions and extended low-ionization Ðlaments that sometimes stretch for a kpc or more (e.g., Hunter 1994 ; Hunter & Gallagher 1997) . When viewed from large distances or with low spatial resolution, a galactic spectrum will contain an ad hoc mixture of high-and low-metallicity gas with high-and low-ionization characteristics. Is a spatially integrated galaxy spectrum in any way a meaningful measure of the physical conditions contained within ?
In the case of low-mass irregular and blue compact galaxies there appears to be no signiÐcant chemical variation (Kobulnicky & Skillman 1997) . Except for occasional biases that lead to small overestimates of the mean electron temperature, the presence of varying ionization conditions throughout such systems does not preclude meaningful chemical measurements. Furthermore, such galaxies are often dominated by a single giant H II region that contrib-5 A "" primary ÏÏ nucleosynthesis product is generally used to mean an element generated directly from the initial H and He present in the star, whereas a "" secondary ÏÏ nucleosynthesis element is one produced from preexisting heavy elements through processes such CNO cycling.
utes most of the light to the integrated spectrum. Integrated spectra yield direct measurements of the oxygen abundances that are in good agreement with localized measurements in individual H II regions (Kobulnicky et al. 1999) . Even in larger spiral galaxies where multiple H II regions exhibit substantially di †erent chemical properties and ionization levels, the oxygen abundances measured from the strong-line ratio method produce mean abundance estimates that correlate strongly with the mean abundances at 0.4 isophotal radii.
The objects in this study span a range of velocity dispersion km s~1), magnitudes
6È22.0), and blue half-light radii (1.2È6.7 kpc). By comparison with local galaxies, the velocity widths and luminosities of lineemitting regions in the smallest, least luminous targets are consistent with a giant H II region (D1 kpc) such as 30 Doradus or NGC 604 (Terlevich & Melnick 1981) . The ELGs reported by Guzman et al. (1998) appear to have high surface brightness residual cores of diameter D1 kpc after subtraction of an exponential disk. This size is consistent with giant H II complexes in local galaxies that appear chemically homogeneous (Kobulnicky & Skillman 1997) . Thus, in these smallest objects, the integrated spectrum is dominated by emission over a relatively small region and is likely to be chemically representative of the system as a whole.
In the larger ELGs, the line widths are larger than in local giant H II regions and the line-emitting region is probably spread over an area of the host galaxy larger than a few kpc. Point-to-point chemical variations may be present at the level of 0.2 dex as in the LMC (Pagel et al. 1979 ). In the most massive galaxies, SDG 125 and SDG 146, the emission-line proÐles show evidence of considerable rotational broadening and spatial chemical variations are probably present, perhaps up to 1 dex if they are similar to local spiral galaxies. Unfortunately the spatial resolution of our ground-based slit spectra is too poor to constrain the size of the nebular region.
During the analysis that follows, we will adopt the motivated assumption that the emission-line spectra of all objects are at least roughly representative of the chemical content of the galaxy as a whole, and certainly not gross overestimates. Table 5 lists the Hb luminosities in the source rest frame assuming km s~1 Mpc~1, and " \ 0. We H 0 \ 50 q 0 \ 0.1, also list the Hb luminosity corrected for extinction within the target galaxy and the mass of ionized hydrogen using emissivities tabulated in Osterbrock (1989) for case B recombination, assuming K and elec-T e \ 10,000 n e \ 100 trons cm~3. The Hb luminosities range from 0.4 ] 1041 ergs s~1 to 40 ] 1041 ergs s~1 corresponding to log (L Ha ) from 41.0 to 43.0 (assuming for typical H II L Ha /L Hb \ 2.86 regions). These emission-line luminosities span the upper end of the range of normal spiral galaxies that have 40.8 \ (Kennicutt 1983) . Adopting log (L Ha ) \ 42.5 SFR(total) \ L (Ha) 1.12 ] 1041 ergs~1 M _ yr~1 (5) (Kennicutt 1983) , the derived star formation rates range from 0.36 to 35 yr~1, typical of vigorously star-forming M _ local spiral galaxies.
Emission-L ine L uminosities and Star Formation Rates
The Hb equivalent widths measured here range from 8 A 5 42 e Ionized gas mass, using the Hb luminosity from column (2), assuming recombination coefficients for H`at K and cm~3 (Osterbrock 1989) , multiplied by a factor of 1.3 to account for ionized He. T e \ 10,000 n e \ 100
to over 200 with a median value of 44 typical of the A ,A , late-type spiral and irregular galaxies surveyed by Kennicutt (1983) . Finally, in Table 5 we list the production rate of ionizing photons, for each galaxy, assuming that all Q Ly , of the Lyman emission-line photons get scattered, reprocessed, and reemitted in the Balmer series (i.e., case B). This case B estimate of should be regarded as a lower limit Q Ly since not all Lyman series photons will be reprocessed, and the galaxy may be optically thin, in some directions, to Lyman continuum photons (i.e., matter bounded rather than radiation bounded).
USE OF CHEMICAL ANALYSIS TO CONSTRAIN GALAXY EVOLUTION
Many of the galaxies under consideration here have small half-light radii, low dynamical masses inferred from the narrow emission-line widths, and high central surface brightnesses (Koo et al. 1995 ; Guzman et al. 1996) , which make them characteristic of H II galaxies (also known as blue compact galaxies ; Searle & Sargent 1972 ; Telles, Melnick, & Terlevich 1997) . Some hypotheses predict that H II galaxies evolve into dwarf or nondwarf spheroidal galaxies after the starburst fades (Bothun et al. 1986 ; Davies & Phillips 1988 ; ). However, 21 cm neutral hydrogen observations of H II galaxies show considerable rotational support (van Zee, Skillman, & Salzer 1998) that is inconsistent with the observed stellar kinematics of most dwarf spheroidal galaxies (see review by Mateo 1998) . Dwarf spheroidal galaxies also contain very little gas, requiring that H IÈrich H II galaxies either consume or lose all of their remaining gas if there is to be an evolutionary connection.
Knowledge of the chemical properties of star-forming galaxies at intermediate redshifts constitutes an additional constraint on their evolution. Chemical data serve as useful constraints if the following two simple principles are valid :
(1) the heavy element content of galaxies increases monotonically with age, and (2) the gas-phase metallicity is at least roughly indicative of the metallicity of the stellar population. The Ðrst assumption should be valid except for galaxies that accrete large quantities of gaseous or stellar material with vastly di †erent metallicity. We can think of no reason why this Ðrst principle should not hold in the majority of galaxies. Under this assumption, any evolutionary scenario linking H II galaxies or distant CNELGs with dwarf spheroidal galaxies entails the boundary condition that the metallicity of the Ðnal evolved product be equal to or greater than its metallicity during the star-forming phase.
The second principle entails a variety of complex issues in galaxy evolution, and it cannot yet be validated even for local galaxies. However, we can be certain that large localized Ñuctuations in the gas-phase metallicity in galaxies (perhaps caused by localized chemical enrichment from starbursts, e.g., Kunth & Sargent 1986 ; Pagel, Terlevich, & Melnick 1986 ), if they exist, would invalidate this second principle. Yet, a growing body of observational (Kobulnicky & Skillman 1997 ) and theoretical (Tenorio-Tagle 1996) evidence suggests that heavy elements synthesized in bursts of star formation require more than 20 Myr and possibly as long as a few Gyr to become mixed with the surrounding interstellar gas. Thus, the measured H II region oxygen abundances should be representative of the metallicities of the recently formed stars. What about older stellar populations ? The principle may not apply in galaxies that experience many episodes of star formation, such as the Milky Way, where stars span a range of over 3 decades in metallicity and more than 12 Gyr in age (review by Wheeler, Sneden, & Truran 1989). For large galaxies with complex star formation histories, there exists no single metallicity that characterizes a whole galaxy. Global nebular spectra are weighted toward the brightest H II regions, whereas global continuum (i.e., light-weighted stellar) spectra are dominated by youngest stellar population : OB stars in the case of starbursts, A stars in the case of postburst galaxies, and K giants in the case of old stellar populations found in elliptical galaxies. Despite the ambiguity of multiple stellar populations, a weaker form of the second principle can still serve as a guide in constraining the evolution of galaxies. We posit that the gas-phase metallicity represents an upper limit on the mean stellar metallicity and is indicative of the metallicity of the youngest stellar population.
With these guiding principles in mind, we have plotted in Figures 4 and 5 diagnostic diagrams involving the chemical abundances, blue luminosities, and velocity dispersions of program objects along with local galaxies for comparison. Figure 4 shows the oxygen abundances versus absolute blue magnitude,
Objects from the CNELG sample appear M B . as Ðlled circles with error bars. The three sources with direct oxygen abundance measurements appear a second time with a dotted line connecting the empirical and direct O/H determinations that are plotted as lower limits. ELGs appear as open circles, whereas the four Ðeld objects appear as inverted Ðlled triangles. Local dwarf irregular galaxies as tabulated by Richer & McCall (1995) appear as open squares. Local H II galaxies from 6 appear as stars. Local spiral galaxies from ZKH are plotted with asterisks using the mean oxygen abundance at 0.4 isophotal radii. Absolute magnitudes for the spiral galaxies are from Tully (1988) but scaled to km s~1 Mpc~1 for H 0 \ 50 consistency with the ELG luminosities from Table 1 . Local spheroidal galaxies, NGC 205, NGC 185, and Fornax, appear as open triangles at the oxygen abundance determined from their planetary nebulae by Richer & McCall (1995) . We also include the Sagittarius dwarf with a planetary nebula abundance measurement by Walsh et al. (1997) . Planetary nebulae provide the only means of measuring the oxygen abundance in dwarf spheroidal objects. However, the derived O abundances reÑect the metallicity of the planetary nebula progenitors, which are likely to be the youngest, most metal-rich stars in the galaxy. As pointed out by Walsh et al. (1997) , the planetary nebulae (PNe) abundances represent an upper envelope on the metallicity of the dominant stellar population. In an e †ort to characterize the metallicity of the stellar population, we have also estimated the mean stellar oxygen abundance for NGC 205 and NGC 185 and a more luminous spheroidal galaxy, NGC 3605, 6 We adopt the H II galaxy oxygen abundances from , and we convert their
FIG. 4.ÈOxygen abundance vs. absolute blue magnitude for CNELGs ( Ðlled circles), ELGs (open circles), and four Ðeld galaxies with emission lines ( Ðlled triangles), nearby dwarf irregular and blue compact galaxies (open squares ; from Richer & McCall 1995) , local spiral galaxies (asterisks ; ZKH), local H II galaxies (stars), and local dwarf spheroidal galaxies (open triangles). Dotted lines connect oxygen abundance measurements using empirical methods with lower limits based on direct electron temperature measurements in three ELGs. Dotted lines also connect estimates of the oxygen abundance in NGC 205 and NGC 185 derived from planetary nebulae (higher values ; Richer & McCall 1995) and stellar absorption line indices [lower values near 12 ] log (O/ H) \ 7.89 ; derived from Trager et al. 1998 ; see Appendix] . The solid line is a least-squares Ðt to the local irregular and spiral galaxies. Only H II galaxies deviate signiÐcantly from the local luminosity-metallicity relation, whereas the intermediate-z ELGs are consistent with the local relation for irregular and spiral galaxies.
FIG. 5.ÈThe luminosity-metallicity relation of 13 objects from ELG sample, as in previous Ðgures, and for local spiral galaxies derived from global emission-line spectra in Kennicutt (1992 ; 14 galaxies) and ZKH (13 galaxies). The dashed line is a least-squares Ðt to the 27 local spiral galaxies. A linear Ðt to the entire emission-line galaxy sample is statistically indistinguishable from the spiral data. The 13 ELGs shown here have look-back times of 3.2È6.4 Gyr. We Ðnd only marginal evidence for evolution of the luminosity-metallicity relation based on this small and speciÐcally selected sample of distant star-forming galaxies.
using Mg (as a proxy for oxygen) and Fe line indices reported by Trager et al. (1998) , in conjunction with the model stellar populations from Worthey (1994 ; see Appendix) . Since Mg, like O, is an a-process element and is expected to be produced in constant proportion to oxygen, we assume that (Anders & Grevesse 1989) . The spheroidal NGC 3605 (Trager et al. 1998 ) is plotted using the same procedure to convert from [Mg/H] to [O/H].
T he Evolution of the Mass-Metallicity Relationship with
Cosmic Epoch Figure 4 shows the luminosity-metallicity relation obeyed by nearly all local galaxies (e.g., Lequeux et al. 1979 ; French 1980 ; Faber 1973 ; Brodie & Huchra 1991 ; ZKH ; Richer & McCall 1995) . The solid line shows a least-squares Ðt to the local irregular and spiral galaxies. The Ðgure illustrates that, as pointed out by Skillman (1992) , only H II galaxies deviate systematically from the luminosity-metallicity trend. They appear 0È3 mag brighter than objects of similar metallicity, as might be expected if a strong starburst has temporarily lowered their mass/light ratios. Furthermore, strong nebular emission lines may artiÐcially increase the broadband luminosities of H II galaxies, especially in V band, by as much as 1 mag. Figure 4 reveals that all objects observed in this program fall along the main metallicity-luminosity correlation. The least luminous object, L2-410083, is also the most metal poor. It lies near points representing large irregular galaxies like NGC 1569 or the LMC. The most luminous objects in the sample are the most metal rich. They occupy a similar locus in the metallicity-luminosity correlation as local spiral galaxies, although spiral galaxies show a dispersion of^0.3 dex at a given luminosity and are known to have signiÐcant internal chemical variations. Formally, the slope of the mass-metallicity relation for the distant objects is [ 0.128^0.020 dex mag~1, consistent with [ 0.144^0.003 dex mag~1 for the local galaxies drawn in Figure 4 . The zero point o †set between the two samples is consistent within the 1 p errors as well. A rigorous measurement of the luminosity-metallicity relation at earlier epochs will require observations of intrinsically underluminous (dwarf ; objects at redshifts comparable to those M B \ [18) of the brighter objects in the sample (z D 0.4). Owing to magnitude-limited selection e †ects in most redshift surveys, very few dwarf galaxies are known at z [ 0.2. Furthermore, we speciÐcally selected the objects for this survey on the basis of their strong emission lines, and the sample comprises a range of look-back times. Thus, it would be inappropriate to draw strong conclusions regarding the cosmic chemical evolution of normal galaxies from this small, statistically biased sample.
With the above caveats in mind, we compare the luminosity-metallicity relation of the 13 objects with 3.2È6.4 Gyr look-back times to the relation followed by local galaxies (i.e., spiral galaxies) with comparable data. In order to construct a suitable local comparison sample, we compute the nebular oxygen abundances for 27 local spiral galaxies using their global (i.e., spatially integrated) emission-line spectra. We begin with raw global galaxy spectra from Kennicutt (1992, hereafter K92 ; 14 galaxies) and pseudoglobal spectra constructed by summing the spectra of H II regions observed by ZKH in 13 galaxies for which the data were available in electronic form. We compute empirical oxygen abundances using strong-line ratios as described in°2 for each galaxy. Absolute blue magnitudes are taken from K92 and ZKH but scaled from km s~1 Mpc~1 assumed H 0 \ 75 in those works to km s~1 Mpc~1. Figure 5 shows H 0 \ 50 an expanded version of the luminosity-metallicity relation for spiral galaxies, using the oxygen abundances derived from global spectra. The dashed line shows a least-squares Ðt to the spiral galaxies, 12 ] log (O/H) \[0.108(^0.040) Solid symbols represent the CNELGs M B ] 6.637(^0.841). and open circles represent the ELGs, as in the previous Ðgures. The entire galaxy sample is roughly consistent with the local relation, given the intrinsic scatter of D0.3 dex in log (O/H) among local spiral galaxies at a given magnitude. A formal linear Ðt to the nine CNELG/ELG points is consistent with the best-Ðt line for spiral galaxies, but there is a tendency for the distant sample to lie below that dashed line. There is marginal evidence for the CNELGs and ELGs to be 0.1È0.2 dex more metal poor than local spiral galaxies at a given luminosity, or, alternatively, for them to be 1È3 mag brighter than the mean spiral with comparable metallicity. Figure 6 shows a histogram of the oxygen abundance residuals of the 13 galaxies compared to the linear Ðt to the local spiral galaxies. The histogram for the local spiral galaxies centers around zero, whereas the distant galaxies show a mean near 12 ] log (O/H) \[0.1. Given the 0.3 dex spread in O/H at a given luminosity, this constitutes only marginal evidence (1.1 p in the error of the mean) for evolution of the luminosity-metallicity relation, since the targets observed here are a highly selected sample of FIG. 6.ÈHistogram of oxygen abundance residuals, * log (O/H), from the best-Ðt linear relationship between luminosity and oxygen abundance from Figure 5 . The dashed line shows the residuals for the local spiral galaxies, which are centered about zero. The solid line shows the residuals for the 13 galaxies observed in this work that have a peak at * log (O/H) \[0.1. For the 13 objects, this constitutes marginal (1.1 p) evidence that these z^0.4 objects of a given luminosity are slightly oxygen deÐcient by D0.1 dex compared to the present epoch. However, the ELGs and CNELGs observed here are selected to be strongly starbursting objects, so they may not be generally representative of galaxies at that epoch.
objects. However, the close correspondence of the distant sample at look-back times of 3.2È6.4 Gyr to the local objects does indicate that no more than 1È3 mag of fading and no more than 0.2È0.3 dex of oxygen enrichment can occur without causing noticeable deviations from the luminosity-metallicity relation. Overall, the nine objects at look-back times of D5.5 Gyr do not probe far enough into cosmic history to expect signiÐcant signatures of chemical evolution. Chemical measurements of more distant starforming galaxies should provide such evidence. If it can be shown that the same luminosity-metallicity and massmetallicity relations apply at very early epochs, then oxygen abundance measurements may serve as surrogates for luminosity and mass indicators when the latter are difficult to measure directly.
T he Descendants of the Emission-L ine Galaxies
The physical characteristics of the descendents of the ELGs and CNELGs will depend on their subsequent luminosity and chemical evolution. Barring a major merger or accretion event, their gas-phase oxygen abundances can only increase as star formation proceeds and gas is turned into stars. Their luminosities will presumably decrease, but the amount of fading depends on the underlying stellar population. Guzman et al. (1998) have estimated that if the current burst involves 10% of the mass of the stellar component, then the CNELGs will fade by 2È4 mag in D5 Gyr. The amount by which the gas-phase metallicity can increase during subsequent evolution depends upon the present gas mass fraction. The amount by which the mean stellar metallicity will increase also depends upon the present gas mass fraction and the present stellar mass fraction. Qualitatively, if most of the baryonic mass is already locked up in stars, then the Ðnal systemic metallicities will not increase signiÐcantly from their current values. The present bursts could be the last major episodes of star formation if all of the gas is turned into stars or if the remaining gas is blown away in galactic winds. Based on the large ionized gas masses in these systems (several times 106 we infer the presence M _ ) of many times this mass in atomic and molecular gas based on results obtained in local star-forming galaxies. Thus, there is clearly sufficient raw material for subsequent star formation. The present star formation episode is unlikely to be the last unless the remaining gas is expelled in galactic winds. However, the possibility that vigorous starbursts expel a large fraction of the atomic gas in galactic winds (Mathews & Baker 1971 ; Larson 1974 ; Dekel & Silk 1986) now looks increasingly improbable (Marlowe et al. 1995 ; Skillman 1997 ; Martin 1998 ; Mac Low & Ferrara 1999) except perhaps in the smallest dwarf galaxies (M \ 107 M _ ). Regardless of uncertainties on the subsequent luminosity and chemical evolution, it is clear from Figure 4 that seven of the 13 objects in our sample, including two of the CNELGs, have gas-phase oxygen abundances higher than the planetary nebula oxygen abundances observed in dwarf spheroidal galaxies like NGC 205. Since the PNe abundances represent an upper envelope to the metallicity attained by the most metal-rich population in NGC 205, these seven objects are already too chemically enriched to become an NGC 205. They must evolve into higher metallicity, and in keeping with the luminosity-metallicity correlation, higher luminosity systems. If the two most metal-rich CNELGs, L2-408115 and SA 68-206134, fade enough to become spheroidal galaxies, they must become more luminous, metal-rich objects such as NGC 3605.
The other six objects in our sample exhibit oxygen abundances equal to or below the planetary nebulae oxygen abundances in NGC 205. From a chemical standpoint, the two most metal-poor CNELGs in our sample, L2-410083 and L2-411500, could evolve into objects like NGC 205 provided that they fade by D1 and 4 mag, respectively, and provided that their gas-phase oxygen abundances do not increase by more than 0.35 and 0.15 dex, respectively, during subsequent evolution.
It is evident from Figure 4 that the luminosity-metallicity correlation based on planetary nebulae in four spheroidal galaxies (open triangles) is o †set from the mean H II region relation by *O/H^0.5 dex. This deviation is consistent with a chemical evolution scenario in which the bulk of the stellar population formed from gas at a lower metallicity (measured by the integrated Mg line indices) compared to Ðnal generation of stars that become the progenitors of presently observed planetary nebula. The youngest, most recent generation of stars now forming planetary nebulae would have been born at a time when the (nearly exhausted ?) gas supply had become more chemically enriched. Thus, it is expected that the gas-phase metallicity, or the metallicity of the youngest stars, should be greater than the mean stellar metallicity. Figure 7 shows the oxygen abundance versus the velocity dispersion, for a subset of the galaxies from Figure 4 that p v , have measured kinematics. For local irregular and spiral objects from Richer & McCall (1995) and ZKH, we compute from the single-dish H I line width at 20% peak p v intensity, compiled in Huchtmeier & Richter (1989) W 20 , using the prescription of Tully & (1985) , Fouque Richer & McCall 1995) , local spiral galaxies (asterisks ; ZKH), local H II galaxies (stars), and local dwarf spheroidal galaxies (open triangles). The velocity dispersions for spiral and irregular galaxies are based on H I 21 cm proÐles corrected for inclination and rotation curve shape as in Tully & (1985) , eq. (12). The majority of Fouque the ELGs cluster to the left of the mean correlation, but no corrections for the (unknown) inclination or other factors (Rix et al. 1997) , which would increase the have been made. Given a small statistical correction of p v Ïs, 40% for unknown inclinations, most of the ELGs would lie amidst the massive irregular and low-mass spiral galaxies.
Dynamical-Chemical Diagnostics
Here, km s~1 is the width due to turbulent motions W t \ 38 and km s~1 is the transition point between gal-W c \ 120 axies having Gaussian versus double-horned H I proÐles, as in Tully & (1985) . We compute from the rotation Fouque p v full-amplitude, using When more than
one H I measurement is listed in Huchtmeier & Richter (1989) , we adopt the median and use the dispersion among the various measurements as an estimate of the 1 p uncertainty. Velocity dispersions for the ELGs are taken directly from Guzman et al. (1996) and Koo et al. (1997) , whereas data for the dwarf spheroidal systems come from Bender, Paquet, & Nieto (1991) , Peterson & Caldwell (1993) , and Bender, Burstein, & Faber (1993) . The data in Figure 7 exhibit a strong correlation between velocity dispersion and metallicity. Since both optical luminosity and velocity dispersion should trace the underlying stellar and dynamical masses, respectively, the strong correlations in both Figures  4 and 7 are consistent with a mass-metallicity relationship for galaxies of all types. It is interesting to note that H II galaxies, which were discrepant in the luminositymetallicity diagram, are indistinguishable from irregular galaxies on this velocity dispersionÈmetallicity diagram. This suggests the hypothesis that H II galaxies are indeed overluminous for their metallicity due to a strong starburst (and broadband contamination by emission lines), rather than being underenriched for their luminosity and mass. The two most luminous ELGs, SDG 125 and SDG 146, which also have the largest velocity dispersions, fall among the local spiral galaxies in Figure 7 . The remaining seven objects cluster along the boundary between the spiral and dwarf irregular populations. As a group, they lie slightly above the relation for galaxies of similar velocity O/H-p v dispersion. However, several observational e †ects could cause the measured Ha line width to be systematically low. Since inclinations are not known for the sample, their positions along the are actually Ðrm lower limits ; correcp v -axis tion by a factor of 1/sin i would move them to the right in Figure 7 . A (statistically) typical correction factor of 1/sin 60¡ would shift all of these points to the right by 15%. Furthermore, velocity dispersions derived from optical emission lines arising in the warm ionized gas are likely to  for CNELGs ( Ðlled circles) and other emission-line galaxies (open circles). Solid lines illustrate the p v , locus of local spiral, irregular, elliptical, and spheroidal galaxies, adapted from Guzman et al. (1998) . CNELGs lie in the region occupied by local spheroidal galaxies suggesting that their descendants will be related to spheroidal galaxies. The other ELGs are consistent with spiral or irregular galaxies. Right : Mean surface brightness within the half-light radius vs. absolute blue magnitude. The arrow shows the direction of anticipated evolution due to fading as a starburst ages. The high surface brightness of the CNELGs places them within the realm of elliptical and spheroidal galaxies, whereas the other ELGs are consistent with spiral or irregular systems. underestimate derived from the more spatially extended p v neutral atomic (H I) gas. Rix et al. (1997) perform Monte Carlo simulations to characterize the e †ect of viewing angle, seeing, dust extinction, and clumpy gas distributions on the measured optical emission-line proÐles. They Ðnd a mean correction factor of D1.4 that would bring the observed galaxies into consonance with the metallicities and velocity dispersions of local spiral galaxies and large irregular galaxies. Lehnert & Heckman (1996) Ðnd that in starburst galaxies, the emission-line region traces only a fraction of the solid body portion of the rotation curve. We conclude that the dynamical-chemical evidence is consistent with the proposition that ELGs and CNELGs follow the same velocity-dispersionÈoxygen abundance relation as local star-forming spiral and irregular galaxies.
The small half-light radii of the three CNELGs, however, seem to rule out the existence of an underlying disk in these objects (Guzman et al. 1996 (Guzman et al. , 1998 . Even though the three CNELGs are chemically similar to the ELGs, their structural parameters suggest a fundamentally di †erent evolutionary path. We reproduce in the left panel of Figure 8 the relations between half-light radius and velocity disper-R e sion shown by Guzman (1996) . Dotted polygons outline p v the locus occupied by local spiral, irregular, elliptical, and spheroidal galaxies. The ELGs fall among the spiral and irregular populations, whereas two of the three CNELGs lie among the spheroidal galaxies. In the right panel of Figure  8 we show the relation between surface brightness inside the half-light radius versus the absolute magnitude of the ELG/ CNELG sample. Dashed lines denote the regions occupied by local galaxy types. An arrow indicates the direction of passive evolution due to fading of the starburst population. Except for SDG 223, the ELGs predominantly occupy the region of local spiral and irregular galaxies. The CNELGs and SDG 223 occupy a region consistent with an elliptical or (with fading) spheroidal classiÐcation.
SUMMARY : WHAT ARE DISTANT ELGs?
The distant galaxies in this study span a range of velocity dispersions km s~1), magnitudes (p v \ 29È200 (M B \ [16.6È22.0), and blue half-light radii (1.22È6.7 kpc). Clearly, they represent a diverse group of objects that, in all likelihood, had di †erent origins and will have di †erent evolutionary descendants. Nevertheless, the targets share many common features. Their metallicities, luminosities, and velocity dispersions (with small statistical upward adjustments for unknown inclination) are consistent with those of local spiral or the most massive irregular galaxies. They show vigorous star formation similar to the most actively bursting spiral and blue compact galaxies. They contain several times 106 of ionized gas, suggesting that the M _ mass of atomic and molecular gas may exceed this by several orders of magnitude based on ionized/neutral gas ratios in local galaxies. All of the observed objects fall along the luminosity-metallicity relation established by local galaxies. Only H II galaxies and spheroidal galaxies deviate from the local luminosity-metallicity trend. Hence, these CNELGs do not appear to be distant counterparts of H II galaxies, even though they fall along the same Hb versus velocity dispersion relation as local H II galaxies (see Fig. 3 of Koo et al. 1995 ). Based on their N/O ratios, they have experienced considerable secondary nitrogen production similar to local spiral galaxies. Since secondary N production is believed to occur only in intermediate mass (4È8 stars (Renzini & Voli 1981) these galaxies must have M _ ) experienced at least one, and probably several, prior episodes of star formation in order to display secondary nucleosynthesis products. This is consistent with the presence of older underlying stellar populations and extended exponential (i.e., disklike or spheroidal-like) surface brightness proÐles (Guzman et al. 1998) . Such an underlying stellar population limits the amount of fading that can occur after the end of the starburst episode.
T he CNEL Gs.ÈThe four CNELGs in this study di †er from the rest of the sample most signiÐcantly in their small half-light radii and high central surface brightnesses as shown in Figure 8 . These characteristics make them most similar to local spheroidal or elliptical galaxies. CNELGs may evolve into spheroidal galaxies once the starburst subsides provided that they lose or consume their remaining gas. Based on the tightness of the luminosity-metallicity correlation for star-forming galaxies, we predict they will not fade by more than 1È2 mag unless they violate the local luminosity-metallicity relation, as well-studied spheroidal galaxies appear to do, based on their planetary nebula oxygen abundances. Two of the CNELGs, L2-410083 and L2-411500, are sufficiently metal poor that fading by 1 and 4 mag, respectively, could make them consistent with the luminosity and planetary nebula oxygen abundances of NGC 205. The two other CNELGS, L2-408115 and SA 68-206134, are presently more oxygen rich than the planetary nebulae in NGC 205. They cannot evolve into such an object unless, contrary to chemical evolution principles, they become more metal poor as they age. If these CNELGs evolve into spheroidal objects, then we suggest more luminous and chemically rich spheroidal galaxies like NGC 3605 as local examples of their descendants. An alternative hypothesis, equally consistent with the chemical data, is that the CNELGs are the precursors to spiral bulges seen during an episode of vigorous star formation before their disks have formed. Their small emission-line widths may be an artifact of the starburst region sampling only the inner part of the galaxyÏs potential well (Lehnert & Heckman 1996) .
The ELGs.ÈThe six ELGs in this study are chemically and morphologically consistent with spiral galaxies during an episode of intense nuclear star formation. They have larger half-light radii than the CNELGs, ranging from 2 to 6 kpc, consistent with substantial underlying stellar disks. SDG 223 is an intermediate object, with a central surface brightness and a half-light radius between the compact CNELGs and the other ELGs that show more extended disklike morphologies. SDG 223 also has the highest central surface brightness of the ELGs, making it more typical of elliptical galaxies.
Other Ðeld galaxies.ÈThe four objects we call "" Ðeld galaxies ÏÏ have small emission-line equivalent widths compared to the ELGs and CNELGs. They have correspondingly lower star formation rates of 1È5y r1 based on M _ their Hb luminosities. However, they are equally, or perhaps more highly, chemically enriched. Unfortunately, their morphological and dynamical properties are not yet measured. Their spectra closely match those of the Sb and Sc galaxies in Kennicutt (1992) , leading us to tentatively classify them as spiral galaxies much like those observed in the local universe.
At the moment, this chemical study contains only three CNELGs in common with the Guzman et al. (1998) properties to objects in the nearby universe would beneÐt from a large sample of velocity-resolved, spatially integrated emission-line spectra of local galaxies. Linking the intermediate-z star-forming objects with the evolutionary descendants will also require a better understanding of the di †erences between a-process and Fe-peak elements in the gaseous and stellar constituents of the Local Group.
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APPENDIX
USE OF STELLAR Mg b INDICES TO ESTIMATE a-ELEMENT ABUNDANCES IN DWARF SPHEROIDAL GALAXIES
There exist very few galaxies of any type for which the chemical properties of both the stellar and gaseous components are known. The most reliable stellar abundance data comes from Fe absorption lines that are easily observed in stellar atmospheres. In the gas phase, collisionally excited emission lines of singly and doubly ionized oxygen in H II regions provide the most reliable metallicity estimates. If Fe and O both had a common nucleosynthetic origin, measurement of either element would suffice as a Ðducial indicator of the overall system metallicity. However, in our own Galaxy, large O/Fe variations exist between globular clusters, the Galactic bulge, and the disk, presumably due to the varying chemical contributions of Type II (a-process elements) versus Type Ia (Fe-peak elements) supernovae (e.g., review by Wheeler et al. 1989) .
A fair comparison of the oxygen abundance measurements of the intermediate-redshift star-forming objects observed in this work to the a-element abundances in dwarf spheroidal galaxies requires a measurement of the stellar a-element content in these local galaxies. Richer & McCall (1995) obtained the Ðrst such data, measuring the oxygen abundances of planetary nebulae in NGC 205, NGC 185, and Fornax. Comparison with stellar iron abundances derived from color-magnitude diagrams and theoretical isochrones led them to conclude that the [O/Fe] ratio in dwarf spheroidal galaxies is systematically 0.3È0.4 dex above the [O/Fe] ratio in dwarf irregular galaxies like the Magellanic Clouds. This elevated [a/Fe] ratio is consistent with a short star formation timescale for the bulk of the stellar population, and it suggests that dwarf spheroidal galaxies experience fundamentally di †erent star formation histories than dwarf irregular galaxies. Thus, they argue, an evolutionary link between the two is unlikely. However, the oxygen abundance measurements come from planetary nebulae progenitors that are comparatively young and massive. They represent the high-metallicity tail of the stellar abundance distribution, and so the derived oxygen abundances are best regarded as an upper limit.
As another means of estimating the a-element metallicity in dwarf spheroidal galaxies, we consider the spectroscopic metal line indices of NGC 205, NGC 185, and NGC 3605 reported in Trager et al. (1998) . In Figure 9 we plot the Hb index versus Mg b and Fe j5270 indices for these objects, using di †erent symbol sizes to denote the small and large-aperture observations. Hb is primarily an age indicator, whereas the Fe and Mg indices are primarily metallicity indicators. The abundance of Mg is of special interest since, as an a-process element, it shares a common nucleosynthetic origin with O. Mg traces the O abundance in all known environments except possibly in the Galactic bulge (McWilliam & Rich 1994) . Figure 9 also includes model grids of age and metallicity from Worthey (1994) for single-burst stellar populations with ages of 17, 12, and 8 Gyr and metallicities corresponding to [Fe/H] \[2.0 to [0.25. In the left panel we show the data and grids for the Fe j5270 index. The data points for NGC 205 and NGC 185 generally lie in a region consistent with metallicities of [Fe/H] \[1.0 to [0.5, but they span wide range in age. NGC 3605 and two measurements of NGC 205 through the smallest apertures (corresponding to the innermost regions of the galaxy) lie o † the model grids, suggesting very young ages, but unfortunately models do not yet exist for metal-poor stellar populations younger than 8 Gyr. In the right panel we show the data and grids for the Mg b index. In this panel, NGC 185 and the two largest aperture measurements of NGC 205 lie between the [Fe/H] \[1.0 and [Fe/H] \[1.5 models. Based on the Mg data, these dwarf spheroidal galaxies would appear to be more metal deÐcient than the Fe data would indicate. However, caution must be exercised in the interpretation because the models are calibrated empirically from globular cluster line indices rather than stellar models using the standard solar abundance distribution. Model lines of constant metallicity cannot be used to directly infer the ratio of [Mg/H], or by proxy, [a/H], without taking into account systematic chemical variations in the objects used to calibrate the models. Metal-poor globular 05^0.32 inferred for the two galaxies by Richer & McCall (1995) after correcting the PNe oxygen abundances for chemical evolution between the time when the PNe progenitors formed and the epoch when the bulk of the stellar population was formed. Because the [Mg/H] measurements are derived from the same stellar population as the [Fe/H] measurements and do not require corrections for (largely unknown) e †ects of galaxy chemical evolution, They may represent a more robust measure of the [a/H] ratio in dwarf spheroidal galaxies. Nevertheless, the reasonable agreement between the [a/H] ratios derived by Richer & McCall (1995) and those found here provides conÐdence in the results of both approaches.
For the purposes of this paper and the discussion of°3. 
